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Effect of Disinfectants on Pathogenic Free-Living Amoebae: in
Axenic Conditions
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The amoebicidal properties of chlorine, chlorine dioxide, ozone, and deciquam
222 were examined in axenic conditions. Naegleria spp. were found to be more
sensitive to chlorine and chlorine dioxide than Acanthamoeba spp. No marked
difference in sensitivity to ozone or deciquam 222 could be detected between the
pathogenic (A-1) and nonpathogenic (1501) strains of Acanthamoeba and the
pathogenic (MsT) and nonpathogenic (P1200f) strains of Naegleria. Methods of
disinfection are discussed with reference to suitability of the disinfectants to real
conditions.

The finding of pathogenic free-living amoebae
(PFLA) in chlorinated domestic and swimming
waters (2, 4, 5, 10, 14) has led to an expression of
concern by public health authorities over the
possible contraction of primary amoebic men-
ingoencephalitis via these waters. Cerva (4),
after a review of 16 fatal cases of primary amoe-
bic meningoencephalitis due to the use of an
indoor chlorinated swimming pool, stated that,
"the constant presence of numerous populations
of the limax group of amoebae cannot be pre-
vented even under the strictest observations of
all routine safety measures applied to water
systems of swimming pools." In 1972, Anderson
and Jamieson (2) reported a case of primary
meningoencephalitis in South Australia, the vic-
tim having playfully submerged his head in do-
mestic bath water. They also reported that su-
perchlorination to 10 mg-liter-' had failed to
eradicate Naegleria from a contaminated pool.
Subsequently, Derreumaux et al. (11) demon-
strated that 0.5 mg of HOCl, the active disin-
fecting component of chlorine disinfection, per
liter was able to eradicate both Naegleria and
Acanthamoeba spp. De Jonckheere and van de
Voorde (10) found that an initial concentration
of chlorine between 0.5 and 1.0 mg-liter-' was
cysticidal for Naegleria spp. but that Acantha-
moeba culbertsoni cysts were not inactivated by
40 mg.liter-'.
The present study was initiated to assess the

effectiveness of chlorine, chlorine dioxide, ozone,
and deciquam 222 against pathogenic and non-
pathogenic species of Naegleria and Acantha-
moeba.

MATERIALS AND METHODS
Culture of amoebae. Naegleria gruberi (P1200f)

and Naegleria fowleri (MsT) were obtained from the
National Health Institute, Wellington, New Zealand.
A. culbertsoni (A-1) was supplied by the Culture Cen-

ter for Algae and Protozoa, Cambridge, England, and
Acanthamoeba castellanii (1501) was obtained from
E. Willaert of the Prins Leopold Institute of Tropical
Medicine, Antwerp, Belgium. Both Naegleria spp.
were cultivated axenically in CYM medium, which
consists of (wt/vol) 1.0% Casitone (Difco Laboratories,
Detroit, Mich.), 0.5% yeast extract (Difco), 1.0% glu-
cose, and 1.0% vitamin mix containing, per liter, 1.0
mg of thiamine hydrochloride, 0.2 mg of d-biotin, and
1.0 iLg of vitamin B12. The medium was supplemented
with 20.0 cm3 of bovine serum per liter, 90.0 mg of L-
methionine per liter, 4.0 mg of hemin per liter, and 2
x 105 U of penicillin-streptomycin per cm3 (9, 16).
Both Acanthamoeba spp. were cultivated axenically
in 4.0% Neff medium, which consists of (wt/vol) 4.0%
protease-peptone (Difco), 0.75% yeast extract (Difco),
1.5% glucose, 1.0 mg of vitamin B, hydrochloride per
liter, and 1.0 Mg of vitamin B12 per liter (19).

Production of disinfectants. (i) Chlorine. A
stock solution of sodium hypochlorite (British Drug
Houses Ltd., Poole, England) was diluted to the ap-
propriate concentration with sterile, chlorine-free,
deionized water.

(ii) Chlorine dioxide. Chlorine dioxide was pro-
duced as recommended by the American Public
Health Association (1).
A total of 5.0 g of sodium chlorite was dissolved in

375.0 cm3 of chlorine-free, deionized water and placed
in a flask. A total of 1.0 cm3 of concentrated H2SO4
was added to 9.0 cm3 of deionized water, mixed, and
placed in a funnel above the flask. A smooth current
of air was passed through the flask, and 5.0-cm3 incre-
ments of the H2S04 were introduced into it at 5.0-min
intervals. The airflow was continued for a further 30.0
min, and the resulting solution was stored in a brown
bottle at 40C.

(iii) Ozone. Ozone was produced by the electrical
discharge of oxygen. This involved passing dried oxy-
gen through an Mk II ozonizer (British Oxygen Cry-
oproducts, London, England) and collecting the dis-
solved ozone in sterile 0.01 M phosphate buffer at pH
7.0.

(iv) Deciquam 222. Deciquam 222 (de-decyldime-
thyl-ammonium bromide) was donated by Maui
Brothers, Auckland, New Zealand.
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Chemical analysis of disinfectants. Chlorine,
chlorine dioxide, and ozone were analyzed by the
diethyl-p-phenylene diamine method, which uses di-
ethyl-p-phenylene diamine as an indicator solution
and is much preferred over other acid or neutral
orthotolidine methods for its sharper chlorine-chlora-
mine differentiation (18). Due to the lack of a reliable
analytical test, no analyses of deciquam 222 were done.

Disinfectant testing. Amoebae were centrifuged
from the culture media at 425 x g for 10 min and
suspended in sterile 0.01 M phosphate buffer (pH 7.0).
They were then washed three times in the same buffer,
counted with a modified Fuchs-Rosenthal hemocy-
tometer, and resuspended to a final concentration of
1.2 x 106 cells per cm3. A viable count was then done
with the plaque formation method (8, 12).

For the test, 24.6 cm3 of the phosphate buffer con-

taining the required concentration of any one of the
disinfectants under examination was dispersed into
250-cm3 flasks. A total of 0.4 cm3 of the washed amoe-

bae was added to each flask, and the flasks were

incubated for 30 min at 25°C. Disinfectant levels were
assayed at the commencement of incubation and after
30 min of incubation on 10 cm3 of the test culture. At
that point, a crystal of sodium thiosulfate was added
to neutralize chlorine, chlorine dioxide, or ozone,

whereas deciquam 222 was neutralized with neutral
red calcium chloride. The remaining 25 cm3 was fil-
tered through a 5-gm cellulose-acetate filter. The filter
was then washed with 5 cm3 of sterile Page amoeba
saline (17), and 0.1 cm3 was diluted and plated onto a

lawn of Enterobacter cloacae on NM agar (12).

The resulting plaques, which were formed by the
amoebae feeding on the bacteria and leaving a clear
area, were counted and related to the original sample
to indicate the number of viable amoebae present.

RESULTS

Chlorine. The amoebicidal capacity of chlo-
rine is shown in Table 1. Because the deionized
water exerted a negligible chlorine demand, the
total available chlorine at zero time was equal
to the free available chlorine (FAC) at the same
time. It can be seen that Naegleria spp. were

more sensitive to chlorine than Acanthamoeba
spp., with 0.79 mg of total available chlorine or

initial FAC per liter being amoebicidal for Nae-
gleria spp., as opposed to 1.25 mg of total avail-
able chlorine per liter for Acanthamoeba spp.
The difference, (total available chlorine - FAC),
known as combined available chlorine, repre-
sents the chlorine demand which was due to the
organic content of the inoculum, i.e., amoebae,
reacting with the chlorine during the 30-min
contact time.
Disinfectants other than chlorine. Table

2 shows the comparative amoebicidal capacity
of chlorine dioxide, ozone, and deciquam 222.
Whereas Naegleria spp. were once again more

sensitive to the chlorine-containing disinfectant
as compared with Acanthamoeba spp., no

TABLE 1. Amoebicidal capacity of chlorine
-'oa

Survivors after 30
Concn of Chlorine level (mg.liter')formmi

Temp amoebae
Species (strain) pH (°C) x TA = FAG AG = No. of

cm at FAC at after 30 chlorine amoe %
time 0 tim 0 m .dean bae pertime 0 min demand cm:'

N. gruberi (P1200f) 7.0 25 1.92 0.79 0.16 0.630 0 0
0.675 0.125 0.50 1 0.005
0.625 0.125 0.50 10 0.052
0.625 0.125 0.50 15 0.078
0.55 0.105 0.45 26 0.14

N. fowleri (MsT) 7.0 25 1.92 0.925 0.275 0.650 0 0
0.750 0.175 0.575 0 0
0.74 0.19 0.55 0 0
0.625 0.125 0.50 7 0.036
0.575 0.125 0.55 18 0.093

A. castellanii (1501) 7.0 25 1.92 1.10 0.25 0.85 0 0
1.02 0.22 0.80 0 0
1.0 0.25 0.75 2 0.01
0.85 0.20 0.65 10 0.052
0.80 0.175 0.625 17 0.089

A. culbertsoni (A-1) 7.0 25 1.92 1.25 0.25 1.0 0 0
1.25 0.25 1.0 0 0
1.09 0.14 0.95 23 0.12
0.95 0.20 0.75 18 0.093

a TAC, Total available chlorine; CAC, combined available chlorine.
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marked difference in the sensitivity among the
four strains (MsT, P1200f, A-1, and 1501) toward
ozone or deciquam 222 could be detected. Of the
three altemative disinfectants examined, deci-
quam 222 exhibited the greatest amoebicidal
capacity, followed by chlorine dioxide and ozone.

DISCUSSION
Disinfection can be defined as "the killing of

the larger portion (but not necessarily all) of the
hannful and objectionable microorganisms in, or
on, a medium by means of chemicals, heat or

ultraviolet light, etc." (22). Thus, it is not to be
confused with sterilization.
The results demonstrate that all four disinfec-

tants examined (chlorine, chlorine dioxide, de-
ciquam 222, and ozone) possess amoebicidal
properties and would be suitable for the disin-
fection of waters contaminated with PFLA.
However, the ultimate choice of a particular
disinfectant remains closely tied to the chemical
and physical characteristics of the water to be
treated and the particular properties of the dis-
infectant (Table 3).

Since chlorine was introduced into water
treatment nearly 80 years ago, it has become
almost the only method used for the active
disinfection of potable water supplies (24). This
predominant position has been gained because
of its potency and range of effectiveness as a
germicide; its ease of application, measurement,
control, and economy; its relative freedom from
toxic or physiological effects; and its reasonable
persistence in waters. With a batch system, in
which only a single dose of chlorine is added,
Table 1 shows that initial concentrations of 0.74,
0.79, 1.0, and 1.25 mg-liter-' had a sterilizing
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effect on N. fowleri, N. gruberi, A. castellanii,
and A. culbertsoni, respectively. It is thought
that the difference in susceptibility to chlorine
between the two genera is more likely to be a
consequence of the difference in chemical (es-
pecially protein) composition of the cell mem-
branes than of the difference in metabolism.
The use of chlorine as a disinfectant for PFLA

was reported by Anderson and Jamieson (2),
who failed to eliminate N. fowleri which had
been superchlorinated with 10.0 mg of chlorine
per liter. However, the chlorine demand of the
water was not tested, and thus there may have
been insufficient FAC available for disinfection.
With a batch method but pH and concentrations
of amoebae different from those used in this
study, Derreumaux et al. (11) demonstrated that
water with an initial FAC content of 1.4 mg of
chlorine per liter was able to sterilize 2 x 103
trophozoites per cm3 in 30 min. This agrees well
with the figures reported in Table 1, i.e., 1.25 mg
of chlorine per liter sterilized 1.92 x 104 tropho-
zoites per cm3 in 30 min. They also reported
Naegleria to be more sensitive to chlorine than
Acanthamoeba, as did De Jonckheere and van
de Voorde (10), who observed that whereas 103
cysts of Naegleria per cm3 were sterilized by 2
mg of chlorine per liter in 30 min, 40 mg of
chlorine per liter failed to sterilize acanthamoe-
bic cysts.

It is realized that all experiments with chlorine
discussed have been laboratory batch experi-
ments, which differ considerably from the con-
ditions found in thermal pools, lakes, rivers, and
commercial pools. Continuous culture experi-
ments that more closely represent such condi-
tions are under way in our laboratory. Chlori-

TABLE 2. Comparative amoebicidal capacities of chlorine dioxide, ozone, and deciquam 222

Deciquam
C102 concn No of 03 concn (mg- 222 concn No. of

Temp Concn of (mg-liter-') amoeb. liter-') No. of (cm: - li- NoeofSpecies (strain) pH (00) amoebae x amebae amoebae ter') amoebaeiO)04 per cm:' -Fia after 30 after 30 min mfer3

tial Final Initial Final Initial

N. gruberi 7.0 25 1.92 1.1 0.25 40 6.75 0.08 20 0.05
(P1200f) 1.1 0.25 30 0.025 4

1.0 0.25 40

N. fowleri 7.0 25 1.92 2.0 0.5 8 6.75 0.075 20 0.05
(MsT) 1.6 0.35 15 0.025 2

1.3 0.25 20

A. castellanii 7.0 25 1.92 3.4 0.75 6.75 0.078 20 0.05
(1501) 2.9 0.65 1 0.025 6

2.6 0.6 3

A. culbertsoni 7.0 25 1.92 3.4 0.75 6.75 0.08 0.05
(A-1) 2.5 0.6 1 0.025 2
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nation in practice involves breakpoint chlorina-
tion to establish and subsequently maintain an
acceptable residual concentration (FAC) for dis-
infection. In New Zealand, this varies from 0.1
to 0.2 mg-liter-' for potable water and from 0.5
to 0.8 mg-liter-' for recreational waters. In a
swinmning pool situation, the more organic pol-
lutants there are introduced by the bathers, the
more FAC that will be needed for adequate
disinfection. Thus, there is need for continual
testing of the water to assess the fluctuating
chlorine demand of the water. It is important to
remember that chlorine, as well as the other
disinfectants, will have an indirect effect on
PFLA in potable waters by denying the amoebae
their bacterial food source as most bacteria are
destroyed at levels of 0.1 mg of chlorine per liter
(24), thus starving the amoebae and forcing
them to encyst. It has been shown that the cyst
stage is noninfective (7).

Table 2 shows that chlorine dioxide is also an
effective disinfectant against PFLA. Again,
Acanthamoeba spp. were more resistant to the
disinfectant than Naegleria spp. Because it
forms a stable residual and is active at an alka-
line pH, chlorine dioxide may be a valid alter-
native to chlorine, particularly in waters with a
high ammonia content. Its main disadvantage is
that it is easily expelled from solution and is
highly explosive in its gaseous form (Table 3).
Because of the recent association of organo-

halides, formed in potable water by chlorination,
with certain cancers, ozone is receiving more
favorable attention. Its high germicidal proper-
ties and lack of toxic end products make it a
viable alternative to chlorine (20). Under similar
conditions, it is generally agreed that ozone is a
more potent bactericide than chlorine, with con-
centrations as low as 0.04 mg of ozone per liter
being effective against Escherichia coli (13).
Table 2 demonstrates that ozone is amoebici-

dal, but only at much higher concentrations than
those of chlorine or deciquam 222. Table 2 also
shows a high ozone demand, as reflected in the
difference between the initial and final concen-
trations of ozone. No differences in sensitivity to
ozone were detected between Naegleria spp.
and Acanthamoeba spp.
The results in Table 2 show that deciquam

222 is a very potent amoebicide, being approxi-
mately 20 times more effective than chlorine. Its
use has previously been reported by Das and
Jadin (Int. Cong. Parasitol. 3rd, Munich, West
Germany, ICP III, i: 195-196, 1974) who ob-
tained amoebicidal concentrations of 0.025 mg.
liter-'. This high amoebicidal activity is thought
to be due to the extreme sensitivity of the amoe-
bic plasma membrane to surface-active reagents
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(3). Again, no differences in susceptibility be-
tween Naegleria spp. and Acanthamoeba spp.
were observed. The relative bactericidal activity
of quarternary ammonium compounds as com-
pared to chlorine can be judged from the finding
that 3.0 mg of cetyldimethylbenzylammonium
chloride per liter was bactericidal for 2 x 106
coliforms within 15 min, whereas 8.0 mg of chlo-
rine per liter failed to kill 9.8 x 105 coliforms in
30 min (23). The optimum pH range of quarter-
nary ammonium compounds is usually between
6.4 and 9.6, and their biocidal activity is accel-
erated with increasing temperature (21). Quar-
ternary ammonium compounds do not react
with water, and therefore, there is no quarter-
nary ammonium compound demand; because of
this, possibilities for recycling exist (22). Quar-
ternary ammonium compounds are, however,
inactivated by hard waters.
Deciquam 222, chlorine, chlorine dioxide, and

ozone have all been shown to possess disinfecting
properties against PFLA, but concentrations
higher than those used against bacteria are
needed. Furthermore, the possession of resistant
amoebic cysts complicates the disinfection proc-
ess. Of the four disinfectants examined, deci-
quam 222 proved to be the most effective amoe-
bicide, followed by chlorine, chlorine dioxide,
and ozone. The final choice of a particular dis-
infectant, however, must remain tied to the
physical and chemical parameters of the water
to be disinfected. The necessity for an effective
disinfectant can be judged by the increasing
number of isolations of free-living amoebae from
potable and recreational waters (2, 4, 5, 6, 14,
15). The majority of amoebae isolated after dis-
infection in this study belong to the genus Acan-
thamoeba, indicating the greater resistance of
Acanthamoeba spp. to chlorine as compared
with Naegleria spp. Striking an optimistic note,
Lyons and Kapur (14) concluded, after a survey

of 30 halogenated public swimming pools, that
the low amoebic densities (<c1 liter-') in the
majority of pools illustrated that these orga-

nisms could be adequately controlled by proper

pool maintenance.
ACKNOWLEDGMENTS

We thank the New Zealand Health Department and the
Medical Research Council for financial support of this work.

LITERATURE CITED
1. American Public Health Association. 1971. Standard

methods for the examination of water and wastewater,
13th ed. American Public Health Association, Inc.,
Washington, D.C.

2. Anderson, K., and A. Jamieson. 1972. Primary amebic
meningo-encephalitis. Lancet i:902-903.

3. Carter, R. F. 1972. Primary amoebic meningo-encepha-

litis. An appraisal of present knowledge. Trans. R. Soc.
Trop. Med. Hyg. 66:193-213.

4. Cerva, L. 1971. Studies of limax amoeba in a swimming
pool. Hydrobiologia 38:141-161.

5. Cerva, L., and G. Huldt. 1974. Limax amoebae in five
swimming pools in Stockholm. Folia Parasitol. (Prague)
21:71-75.

6. Chang, S. L. 1971. Small free-living amebas: cultivation,
quantitation, identification, classification, pathogenesis
and resistance, p. 210-254. In T. C. Chang (ed.), Topics
in comparative pathobiology, vol. 1. Academic Press,
Inc., New York.

7. Culbertson, C. G. 1971. The pathogenicity of soil amebas.
Annu. Rev. Microbiol. 25:231-254.

8. Cursons, R. T. M., and T. J. Brown. 1976. Identification
and classification of the aetiological agents of primary
amebic meningo-encephalitis. N.Z. J. Mar. Freshwater
Res. 10:245-262.

9. Cursons, R. T. M., T. J. Brown, and E. A. Keys. 1978.
Diagnosis and identification of the aetiological agents
of primary amebic meningoencephalitis (PAM). N.Z. J.
Med. Lab. Technol. 32:11-14.

10. De Jonckheere, J., and H. van de Voorde. 1976. Dif-
ferences in destruction of cysts of pathogenic and non-
pathogenic Naegleria and Acanthamoeba by chlorine.
Appl. Environ. Microbiol. 31:294-297.

11. Derreumaux, A. L., J. B. Jadin, E. Willaert, and R.
Moret. 1974. Action du chlore sur les amibes de l'eau.
Ann. Soc. Belge Med. Trop. 54:415-428.

12. Fulton, C. 1970. Amebo-flagellates as research partners.
Methods Cell Biol. 4:341-476.

13. Katzenelson, E., B. Kletter, and H. I. Shuval. 1974.
Inactivation kinetics of viruses and bacteria in water by
use of ozone. J. Am. Water Works Assoc. 66:725-729.

14. Lyons, T. B., III, and R. Kapur. 1977. Limax amoebae
in public swimming pools of Albany, Schenectady, and
Rensselaer Counties, New York: their concentration,
correlations, and significance. Appl. Environ. Microbiol.
33:551-555.

15. Molet, B., C. Derr-Harf, J. E. Schreiber, and M. Kre-
mer. 1976. Etude des amibes libres dans les eaux de
Strasbourg. Ann. Parasitol. Hum. Comp. 51:401-406.

16. O'Dell, W. D., and A. R. Stevens. 1973. Quantitative
growth of Naegleria in axenic culture. Appl. Microbiol.
25:621-627.

17. Page, F. C. 1967. Taxonomic criteria for limax amoebae
with descriptions of three new species of Hartmannella
and three of Vahlkampfia. J. Protozool. 14:499-521.

18. Palin, A. T. 1974. Analytical control of water disinfection
with special reference to differential DPD methods for
chlorine, chlorine dioxide, bromine, iodine and ozone. J.
Inst. Water Eng. 28:139-154.

19. Stevens, A. R., and W. D. O'Dell. 1973. The influence
of growth medium on axenic cultivation of virulent and
avirulent Acanthamoeba. Proc. Soc. Exp. Biol. Med.
143:474-478.

20. Symons, G. E., and K. W. Henderson. 1977. Disinfec-
tion-where are we? J. Am. Water Works Assoc. 69:
148-154.

21. Verbina, N. M. 1975. The influence of quarternary am-
monium compounds on microorganisms and their prac-
tical use, p. 29-73. In L. S. Smirnova (ed.), Microbiology,
vol. 2. G. K. Hall & Co., Boston.

22. Wang, L. K., and G. C. Peery. 1975. Disinfection with
quarternary ammonium compounds. Water Resour.
Bull. 11:919-932.

23. Wang, L. K., and S. L. Pek. 1975. Cationic surface-active
agents as bactericide. Ind. Eng. Chem. Prod. Res. Rev.
14:308-312.

24. White, G. C. 1972. Handbook of chlorination. Van Nos-
trand Reinhold Co., New York.

APPL. ENVIRON. MICROBIOL.


